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Engaging policy makers and 

















Introductions and goals 5 min
Project components and outcomes 5 min
Activities and thematic outputs 10 min
Stakeholder webs 10 min
Government policies and strategies 10 min









Discuss priority key takeaways for specific stakeholder groups 20 min
Identify needs and gaps for stakeholder groups in each country 15 min
Potential recommendations with greatest potential to address needs and gaps 15 min
Final Q&A and wrap up discussion 5 min
Climate-smart dairy systems in East Africa 
through improved forages and feeding strategies:
Enhancing productivity and adaptive capacity 
while mitigating GHG emissions 
2017-2020
Today’s goals
Validation •Review and validate key messages distilled from all the project components.
Identify •Discuss the needs and gaps of differing stakeholder groups in Tanzania and Rwanda.
Recommend •Single out the key messages that hold the greatest potential to address need(s) or gap(s).
Synthesize •Direct these priority key messages toward country and stakeholder groups of your choosing.
Project components and outcomes
1. Assess opportunities to increase 
the productivity and NR efficiency        
of crop-livestock systems at 
multiple scales.
Regional field assessment (CSIRO)
Characterize smallholder feeding systems (CIAT)
2. Design context-specific forage 
options for productivity, 
environment and adoptability 
considerations.
Spatial targeting (CIAT)
Identify best-bets for piloting (TALIRI, RAB, CIAT)
3. Assess multi-dimensional                
trade-offs of forage-based crop-
livestock interventions.
Ex-situ evaluation (ILRI)
In-situ evaluation (TALIRI, RAB, CIAT)
4. Support for scaling by IFAD     
investment projects and other 
development partners.
Ex-ante modeling (CIAT): CLEANDED tool (TZ)
Exchange visits (TALIRI, RAB, CIAT)
Climate-Smart Dairy Activities




•Local feed assessments or gaps
Improved 
forages
•Agronomic and feeding trials, participatory evaluation, and training and exchange
•Spatial targeting of forages
•Ex-ante impact modeling
•Greenhouse gas emissions in vitro
•Scaling and dissemination
Livelihoods •Socioeconomic issues









•Greenhouse gas emissions in vitro
Activities and thematic outputs
Feeding  
systems
•National feed assessments (CSIRO)
Feed availability, both quantity and quality, are limiting factors for increasing milk yields.
In Tanzania and Rwanda, the feed balances are negative in average-to-good-weather years: 
TZ: 21 to 45 MT livestock feed are produced where 58.2 to 80.5 MT dry matter are needed.
RW: 400,000 tonnes of grass and 2-3 MT of crop residues are available for livestock feed where 6.2 MT dry matter are 
needed.
•Local feed assessments or gaps
Feed is a critically limiting factor in the productivity of smallholder dairy systems in East Africa.
FEAST Rwanda
• Most  farmers feed their animals Napier grass, natural vegetation, and crop residues: sweet potato vines, banana leaves and 
pseudo stems, and bean and maize stalks.
• 61% of all herds faced a minimal energy feed gap, and 55% a crude protein gap. 
• Feed gaps were more prevalent in the grazing than in the cut-and-carry site, although feed losses are likely to be high--up to 
30-50%--in cut-and-carry systems. 
• In Rwanda, zero grazing or cut-and-carry feeding are practiced in Nyanza (Southern) and Burera (Northern) districts, while a 
mix of grazing and cut-and-carry is found in Nyagatare (Eastern).
FEAST Tanzania
• Livestock contributes 18 -52 % of household incomes.
• Feed availability and feeding practices are highly seasonal, with shortages in the dry season and abundance in the rainy 
season.
• Most farmers do not provide adequate food and drinking water to animals, which critically limits livestock productivity.
• Diverse livestock and feeding systems exist along an intensification gradient: exclusively zero-grazing of few cross-bred cows 
on small land sizes to grazing larger local cattle herds, and a mix of both systems.
• Grazing systems were more labor-intensive per tropical livestock unit than cut-and-carry systems, and most feeding-related 
labor was provided by men.
Activities and thematic outputs
Improved 
forages
•Agronomic and feeding trials, participatory evaluation, and training and exchange
Field trials show that:
• Guatemala grass produced low biomass compared to the other 13 forage technologies, which therefore stand a good 
chance to improve forage production in Tanzania.
• Regarding forage-food crop integration, maize-Desmodium and Mulato II-Desmodium showed reduced severity of pests 
and diseases and higher dry matter production.
• Milk production grew by 15% in cows fed Brachiaria Cobra. Less Cobra grass was ingested compared with common 
forages, suggesting better forage efficiency.
• Involvement of multiple players including farmers, administrators, and the media in forage promotion works well. 
• Learning by seeing and visiting fellow farmers elsewhere is key for livestock keepers.
• Soil samples returned low levels of soil phosphorus and nitrogen. For forage production to thrive, soil amendments can 
restore these key elements. 
• Further, soils are acidic, curtailing access to nutrients for growing forages. 
•Spatial targeting of forages: Suitability mapping
• Improved forages are context-specific; the choice of species and varieties matters.
• A negative impact on forage crops due to climate change is projected.
•Ex-ante impact modeling
• An annual 10 % milk increase is associated with feeding planted, improved forages.
• This goal is feasible and realistic in terms of farmers’ willingness to allocate the necessary area to forages: 0.1 acre per 
cow or 3-8% of available cropland on farms.
• The milk increase jumps to 25% if forages are dried, stored, and fed in the dry season.
•Greenhouse gas emissions in vitro
When managed properly, Napier grass showed better digestibility than Brachiaria and Rhodes grasses despite higher fiber 
content.
•Scaling and dissemination
Factsheets on improved forages; posters; policy briefs.
Activities and thematic outputs
Livelihoods
•Socioeconomic issues: Baseline survey 
• The average milk production by each household is 8.9 and 11.4 kgs/day in Rwanda and Tanzania, 
respectively.
• Most livestock feed ingredients are produced and used on the farm; there is little external sourcing.
• Deficits of feed basket adequacy are reported between June and October in Rwanda and between July 
and December in Tanzania.
• Male household members spend more time on forage-related land preparation, planting and sowing, 
manure application, and weeding than other members. 
• Women tend to be involved in feeding rather than the cultivation of forages.
• Forage adoption tends to reduce men’s workloads while increasing cash income at the household level; 
for women, adoption not only increases their workloads but also shifts milk income control to men. 
• While both men and women expressed similar preferences for traits related to productivity, ease of 
harvesting and handling were particularly important to women because of their role in feeding animals.
• Most of the surveyed HHs get agricultural information from their own farmer groups and government 
extension services.
• Formal information and seed distribution pathways tend to be focused on men despite women’s 
important role in fodder production and livestock feeding. 
Activities and thematic outputs
Low emission 
livestock
•National feed assessments (CSIRO)
Achieving targeted milk yields and production through improved feeding systems alone is projected to increase methane 
emissions from enteric fermentation and manure management, as well as the amount of land and water required to produce feed 
for the national cattle population.
• Methane emissions from enteric fermentation and manure management are projected to increase by 11% to 4.6 
MtCO2-eq in Tanzania and by 30% to 0.24 MtCO2-eq in Rwanda.
• Emission intensity, the amount of methane emissions from enteric fermentation per l of milk produced, decreases from 
2.5 to 1.9 kg CO2-eq per l milk in Tanzania and 1.7 to 1.3 kg CO2-eq per l milk in Rwanda for improved breeds but 
cannot compensate for the projected growth in the cattle population that drives the overall increase in emissions.
• The land required to produce feed is projected to expand by 12% to 33.3 million ha land in Tanzania and to shrink by 
13% to 667,000 ha land in Rwanda. 
• The amount of water required to produce feed is projected to jump 9% to 28.2 billion liters in Tanzania and 3% to 690 
million liters in Rwanda.
• Consistency in methods and data used for national feed and environmental impact assessments with methods used in 
LMPs can deliver greater outcomes and impact.
•Ex-ante impact modeling
CLEANED assessed wet- and dry-season feed baskets for 3 regions of Tanzania, and found the following:
• Improved feeding interventions can have negative environmental impacts, such as requiring more land, which can be a 
limiting factor.
• Improving wet-season feeding when intensifying dairy production had positive impacts on the reduction of GHGe
intensities.
•Greenhouse gas emissions in vitro: Mazingira Lab, Kenya
• Greenhouse gas emissions--CH4 and N2O--from the manure of cattle fed with tropical forage grasses are lower than the 
IPCC default values for Africa.
• Enteric fermentation emissions from cattle fed with Brachiara, Napier, or Rhodes grasses are not significantly different. 
Activities and thematic outputs
Soils and    
manure
•Soil productivity
• Soil samples show low soil organic carbon content in Njombe and Mufindi districts and low phosphorous 
and nitrogen levels in all districts, which limit forage and crop growth productivity.
• For forage production to thrive, farmers need to apply soil amendments such as manure and fertilizers in 
order to improve soil carbon and restore other key elements such as phosphorous and nitrogen.
• Improved forage grasses have 2 to 3 times higher sequestration rates than food crops.
• Land restoration can be achieved by adopting sustainable land management practices in cropland areas: 
contour planting of forages as grass strips to control erosion and enhance carbon sequestration.
•Socioeconomic issues (Baseline survey)
• Most manure produced is used on-farm, as fertilizer, with substantial losses. 
• Manure is classified as a key farm product in Rwanda.
•Greenhouse gas emissions (Mazingira Lab)
• Manure from cattle fed with tropical forage grasses without supplements is low in nitrogen content so 
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Government Policies and Strategies
Rwandan national strategies and policies
Livestock • Girinka (One-cow-per-family) [2006]
• Livestock Master Plan [2017]
Agriculture
• National Agriculture Sector Investment Plan II (ASIP-2) [2013-2018]
• Strategic Plan for Agriculture Transformation (PTSA 4) [2018-2024]
• National Agriculture Policy [2017]
Climate/ 
Environment
• Green Growth and Climate Resilience Strategy [2011]
• (Third) National Communication [2015]
• National Climate Change and Low Carbon Development Strategy [2018]
• National Environment & Climate Change Policy [2019]
• Intended Nationally Determined Contributions [2020]
General
• Economic Development and Poverty Reduction Strategy II (EDPRS-2) [2013-2018]
• Vision 2050
• National Strategy for Transformation (NST1)
Tanzanian national strategies and policies
Livestock
• Livestock Development Strategy [2010]
• Livestock Modernization Initiative [2015]
• Livestock Master Plan [2017]
Agriculture
• Kilimo Kwanza [2009]
• National Agriculture Policy [2013]
• National Climate-Smart Agriculture Programme [2015-2025]
• Agriculture Sector Development Program (ASDP) II [2016]
Climate/ 
Environment
• National Environmental Policy [1997]
• National Adaptation Programme of Action [2009]
• National Climate Change Strategy [2012]
• National Climate Resilience Plan [2014-2019]
• (Second) National Communication [2015]
• National Climate-Smart Agriculture Programme [2015-2025]
• Intended Nationally Determined Contributions [2016] 
General • Tanzania Development Vision 2025
Livestock Master Plan(s) RW and TZ (ILRI 2017-2022)
Roadmap to close the projected gap in milk demand through improved genetics and breed stocks combined 
with feed and health interventions, value addition, and complimentary policy changes 
“Feed is the biggest constraint to animal productivity improvement. Access to land appropriate for grazing, 
and land for feed production, needs to be addressed to overcome the very serious existing feed deficit.”
- Rwanda and Tanzania Livestock Master Plans
Rwanda Tanzania
Increases in 2016 2022 % Increase 2016 2022 % Increase
Crossbreed dairy cattle 
(head)
799,000 1,170,000 46% 783,000 2,985,000 3.8 x 
National milk production 
(liters)






Family 1,407 1,671 19% 165 216 31%
Commercial 2,167 3,837 104% 1,757 2,207 26%
National 909 1,281 41% 179 254 31%
Needs and Gaps
Task: Review needs and gaps for each stakeholder group
• Farmers and extension agents
• National and local governments
Goal: As a group, choose which needs and gaps are relevant to each stakeholder 
group in Rwanda and Tanzania.
Post-workshop comment:
Needs and gaps are grouped by stakeholder group rather than country-specific, 
because messaging was not designated to apply in one country and not the other.
Needs and gaps: Farmers and extension
1. Awareness of productivity and profit increase opportunities enabled through improved forages 
2. Awareness of land restoration and soil benefits as a result of cultivating forage crops
3. Advice on how to take care of soil health and fertility, such as through manure management and 
growing grass strips along contours
4. Understanding of how to grow forage crops and which ones to choose for farmers’ specific climate and 
production systems
5. Understanding of how to use forages to maximize milk yields within farmers’ varied production systems
6. Awareness of business opportunities along the forage value chain, such as in seed production, hay, 
silage, and fresh forage commodities, and of market connectors for buying, selling, and transporting
7. Inclusive extension programming that accounts for the social dynamics of labor and profit division
8. Good prices in the market; access to market channels
9. Understanding of the costs, benefits, and tradeoffs of planting improved forages to increase profits from 
milk sales, possibly in place of planting other crops
10. Private-sector engagement and value chain development
11. Access to forage crop seed
Needs and gaps: Local and national governments and funders
1. Understanding of how forage crop interventions can increase milk production toward meeting national 
goals
2. Awareness of productivity benefits enabled through improved forages that boost farmers’ incomes
3. Understanding of the potential of forage crop feed interventions to mitigate greenhouse emissions in 
relation to national climate goals
4. Awareness of the environmental co-benefits of the adoption of forage crop feed: mitigation of 
greenhouse emissions from enteric fermentation and manure, soil carbon sequestration, land 
restoration, and improved soil health
5. Understanding of the variability in production systems, dynamics of labor, and profit division
6. Understanding of the needs and opportunities within forage crop value chain development, and where 
the public and/or private sectors can be engaged 
7. Development of forage seed systems
8. Understanding of where to prioritize feeding technologies and target investments
Key Messages
(for use in workshop)




• Non-governmental organizations (NGOs)
• Funders
• Researchers
Goal: As a group, choose which of these messages are most relevant
Post-workshop comment:
The following slide group are the original messages discussed in the workshop. The next 
section contains revised key messages incorporating workshop feedback.
Farmers
• Underfeeding and inadequate water supply (keeping in mind the milk is almost 80% water) stifles livestock productivity, compared to animal 
health and genetic variables.
• Crop residues (e.g. maize) do not have the nutritional profile needed for good milk production.
• Feeding dairy cattle improved forages, such as Brachiaria species, or Brachiaria species combined with a legume such as Desmodium, can 
increase milk production per cow significantly. (should we say up to 15%? –Forage feeding trials TZ, Mwendia)
• There are many options of improved forages, each with their own range of needs for soil quality, water, and temperature in order to grow well. 
• Forages also differ in the qualities they produce: dry matter weight/biomass, protein/ nutritional value, fiber content (impact on 
digestibility/ GHG emissions), animal uptake, dry season growth, suitability for grazing, silage or hay (drying), regrowth rate, etc.
• Farmers should choose forages that will grow in their climate and soil type, and for their preferred feeding strategy to provide enough dry 
matter and nutrients through the dry season.
• Making hay or silage is an effective way to increase milk production and earned income, especially during the dry season when the supply 
tends to be low and the price of milk is high.
• Purchasing hay or silage to feed cattle during the dry season can increase milk production enough to ensure adequate household milk supply.
• Hay and silage production can be a profitable crop to trade in the market, especially for women and youth, and for groups. The nutrient quality 
differs among grasses and should be chosen for the appropriate market product. 
• Since the grasses can be maintained over several years, soil fertility is key, also keeping the fields free of weeds.
• People who own larger land can mechanize forage production.
• Forages do not require heavy initial investments.
• Forages can be planted on terraces and field edges to reduce soil erosion and increase farm productivity
• Planting 0.1 acre (400m2) of improved forages can increase milk production by 10%.
• Planting improved forages can displace land otherwise used to grow food crops; however, the increase in milk production sales can provide 
immediate profit “income smoothing” to farmers rather than waiting for payment at the end of season harvest.
• Unproductive land can be restored through planting forages and brought into production, increasing farmer income and nutritional security 
Extension
• Inadequate quality and quantity of feed stifles milk production.
• Crop residues (e.g. maize and beans stalks) do not have the nutritional profile needed for good milk production.
• Most farmers do not provide enough drinking water to animals (keeping in mind the milk is almost 80% water). Underfeeding and inadequate water 
supply critically limits livestock productivity, compared to animal health and genetic variables.
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can increase milk production per cow 
significantly. (should we say up to 15%? –Forage feeding trials TZ, Mwendia)
• There are many options of improved forages, each with their own range of needs for soil quality, water, and temperature in order to grow well. 
• Forages also differ in the qualities they produce: dry matter weight/biomass, protein/ nutritional value, fiber content (impact on digestibility/ 
GHG emissions), animal uptake, dry season growth, suitability for grazing, silage or hay (drying), regrowth rate, etc. 
• Farmers should choose forages that will grow in their climate and soil type, and for their preferred feeding strategy to provide enough dry matter 
and nutrients through the dry season.
• Ministry of TZ is working with KEPHIS to register seeds and allow seed companies to import from Brazil; RW to follow suit.
• Making hay or silage is an effective way to increase milk production and earned income, especially during the dry season when the supply tends to 
be low and the price of milk is high. Brachiaria species may provide a better buffer throughout the dry season, while Rhodes grass is easier to make hay.
• Hay and silage production can be a profitable crop to trade in the market, especially for women and youth, and for groups. The nutrient quality differs 
among grasses and should be chosen for the appropriate market product. 
• Since the grasses can be maintained over several years, soil fertility is key, also keeping the fields free of weeds.
• People who own larger land can mechanize forage production.
• Forages do not require heavy initial investments.
• As demand for animal products increases, the demand for milk will rise, and the need for reliable feeds will become more important.
• With financial and capacity support, dairy cooperatives and milk collection centers could facilitate shared hay or silage making equipment at an 
economy of scale
• Women's access to dairying is not the same as men for a wide variety of reasons; commercialization intensification risks marginalizing women away 
from profits that were otherwise securely theirs
• Unproductive land can be restored through planting forages and brought into production, increasing farmer income and nutritional security 
Local/ National Governments
• RW/TZ cows produce 3-5 liters of milk per day, well below their potential of 12-15 liters, due to poor quality and quantity of feed, breed genetics, and 
veterinary care.
• Inadequate quality and quantity of feed stifles milk production
• Feed availability and feeding practices are highly seasonal, with shortages in the dry season and abundance in the rainy season. 
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can increase milk production per cow 
significantly. (should we say up to 15%? –Forage feeding trials TZ, Mwendia)
• Livestock is the main contributor to agricultural greenhouse gas emissions, and thus a key entry point for climate change mitigation in East Africa.
• Increasing livestock productivity contributes to better incomes, better nutrition and reduced greenhouse gas emissions per unit livestock product of both 
milk and meat.
• As demand for animal products increases, the demand for milk will rise, and the need for reliable feeds will become more important.
• Decision-makers can use the generated insights to prioritize feeding technologies and target investments.
• Further investment is required to improve varieties of forage feed to make them suitable for local conditions, and to improve access to forage feed for 
farmers.
• Registration of new varieties should become smoother, faster and cheaper.
• Support is needed to establish commercial forage seed production, through partnerships with private sector seed companies, so that larger quantities of 
high-quality seed can be made available to farmers.
• Markets are key to encourage farmers to improve production: higher profits for better quality milk will incentivize farmers to invest in better feed and 
husbandry practices.
• Women's access to dairying is not the same as men for a wide variety of reasons; commercialization intensification risks marginalizing women away from 
profits that were otherwise securely theirs
• With financial and capacity support, dairy cooperatives and milk collection centers could facilitate shared hay- or silage-making equipment at an economy 
of scale
• Transportation costs between milk production areas and urban centers necessitate regional processing centers (i.e. in Southern Highlands)
• Future-proofing the dairy sector can attract more funding.
• Manure greenhouse gas emissions from forage grasses were found to be lower than the internationally used default emissions factor.
• Cross-sector collaboration between livestock, agriculture and environment ministries is needed to align goals and activities
NGOs
• Feed availability and feeding practices are highly seasonal, with shortages in the dry season and abundance in the rainy season. 
• Inadequate quality and quantity of feed stifles milk production: crop residues (e.g. maize) do not have the nutritional profile needed for milk 
production.
• Increasing livestock productivity contributes to better incomes, better nutrition and reduced greenhouse gas emissions per unit livestock 
product of both milk and meat.
• As demand for animal products increases, the demand for milk will rise, and the need for reliable feeds will become more important.
• Feeding dairy cattle improved forages, such as Brachiaria species, or Brachiaria species combined with a legume such as Desmodium, can 
increase milk production per cow significantly. (should we say up to 15%? –Forage feeding trials TZ, Mwendia)
• Making hay or silage is an effective way to increase milk production and earned income, especially during the dry season when the supply 
tends to be low and the price of milk is high.
• Hay and silage production can be a profitable crop to trade in the market, especially for women and youth, and for groups. It is important to 
understand the nutrient quality of the products in order to market well. 
• Since the grasses can be maintained over several years, soil fertility is key, also keeping the fields free of weeds.
• People who own larger land can mechanize forage production.
• Forages do not require heavy initial investments.
• Support is needed to establish commercial forage seed production, through partnerships with private sector seed companies, so that larger 
quantities of high-quality seed can be made available to farmers.
• Capacity building is needed in forage development and selection – including breeding. This would also enhance the reach of forage seed 
marketing in the region.
• Farmers sell milk to cooperatives (larger quantities) and private or direct to vendors (higher price). In the wet season, when forages and milk 
production (supply) are higher, the price of milk drops. 
• With financial and capacity support, dairy cooperatives and milk collection centers could facilitate shared hay- or silage-making equipment at 
an economy of scale.
• Women's access to dairying is not the same as men for a wide variety of reasons; commercialization intensification risks 
marginalizing women away from profits that were otherwise securely theirs
Funder/Investors
• Inadequate quality and quantity of feed stifles milk production: crop residues (e.g. maize) do not have the nutritional profile 
needed for milk production.
• Increasing livestock productivity contributes to better incomes, better nutrition and reduced greenhouse gas emissions per unit 
livestock product of both milk and meat.
• Feeding dairy cattle improved forages, such as Brachiaria species, or Brachiaria species combined with a legume such as 
Desmodium, can increase milk production per cow significantly. (should we say up to 15%? –Forage feeding trials TZ, Mwendia)
• Grasses have the potential for stabilizing soil, sequestering carbon in soil, and decreasing erosion.
• Registration of new varieties should become smoother, faster and cheaper.
• Making hay or silage is an effective way to increase milk production and earned income, especially during the dry season when 
the supply tends to be low and the price of milk is high.
• Hay and silage production can be a profitable crop to trade in the market, especially for women and youth, and for groups. It is 
important to understand the nutrient quality of the products in order to market well. Since the grasses can be maintained over 
several years, soil fertility is key, also keeping the fields free of weeds.
• People who own larger land can mechanize forage production.
• Forages do not require heavy initial investments.
• As demand for animal products increases, the demand for milk will rise, and the need for reliable feeds will become more 
important.
• Further funding is needed to support research to reduce the environmental impact of livestock keeping, and to support the 
design of poverty-reduction programs that include livestock.
• Manure greenhouse gas emissions from forage grasses were found to be lower than the internationally used default emissions 
factor. 
Researchers
• Little research has been conducted on grasses and legumes native to East Africa.
• The degree to which climate smart forages can mitigate nitrogen loss depends heavily on seasonal characteristics and is not fully 
understood
• Researchers can improve and validate modeling approaches that require detailed feed baskets.
• Intercropping forage grasses with food crops may allow farmers to increase their land use efficiency, but the appropriate 
combinations under differing seasonal and agroecological conditions is unknown.
• Improved forages require fertilization and management, which need to be optimized for local conditions.
• Better understanding is needed about different soil type impact on tropical forage growth.
• Few studies exist that measure greenhouse gas emissions in African systems, resulting in underrepresentation internationally. 
Key Messages
(post workshop)
Key messages for differing stakeholder groups
• Farmers &  Extension agents [RW and TZ combined]
• National and Local Government [separated by country]
• Funders [separated by country]
• Non-governmental organizations (NGOs) [RW and TZ combined]
• Researchers [RW and TZ combined]
Post-workshop comment:
Key messages presented in the workshop were narrowed down and combined to target 
specific messaging for Rwanda and Tanzania separately when possible. 
The messages for Farmers and extension, NGOs and researchers were not found to be 
markedly different between countries, so they are presented together.
Farmers and extension in Rwanda and Tanzania
• Underfeeding and inadequate feed quality and water supplies—since milk is almost 80% water—stifle livestock productivity.
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can boost milk 
production per cow by 15-40%. Many Brachiaria cultivars are drought tolerant, bridging the feeding gap during the dry season. 
Desmodium is a good protein source for cows, aiding in higher milk production and easier digestibility. Farmers can strategize land use 
intensification by intercropping Desmodium with food crops or other forages to boost productivity and profit per acre and per cow. 
• There are many options of improved forages, each with their own range of needs for soil quality, management, water, and 
temperature in order to grow well. Forages also differ in the qualities they produce: dry matter weight/biomass, protein/ nutritional 
value, fiber content (impact on digestibility/ GHG emissions), animal uptake, dry season growth, suitability for grazing, silage or hay 
(drying), regrowth rate, etc. Farmers need to understand and choose forages that will grow in their climate and soil type, and for their 
preferred feeding strategy to provide enough dry matter and nutrients through the dry season.
• Farmers can plant forages on terraces, in contour grass strips, and along field edges in order to reduce soil erosion, bring 
unproductive land into use, restore soil quality, increase farmer incomes, and enhance nutritional security. 
• Making hay or silage is an effective way to elevate milk production and earned income, especially during the dry season when the 
supply of milk tends to be low and its price high. Brachiaria species may provide a better buffer throughout the dry season, while Rhodes 
grass is easier to use for hay. Since the grasses can be maintained over several years, soil fertility through amendments is key, along with 
keeping the fields free of weeds. 
• Growing forages in place of food crops can increase milk production sales that provide immediate income smoothing and regular 
profits for farmers, rather than waiting for payment at the end-of-season harvest.
• Gender-differentiated labor requirements and profit division are important considerations for integrating improved forage 
feeding practices into overall production systems and for designing extension programming for improved forage technologies. Male 
household members spend more time on forage-related cultivation activities, while women tend to be involved in feeding. 
Local and national government in Rwanda
• Rwandan dairy cows produce 3-5 liters of milk per day (LMP 2017), well below their potential of 12-15 liters, due to poor quality and quantity of feed, 
together with breed genetics and veterinary care. Most farmers feed their animals wild vegetation, Napier grass, and crop residues (e.g. sweet potato vines, banana 
leaves, bean and maize stalks) (Nyangaga, 2019). The national feed balance (ratio of feed required for an attainable milk production level to actual feed supply at 
individual herd level) for dairy cows is positive in an average year, producing 6.4 MT of dry matter where 4.1 MT dry matter are needed (Waha, 2019). 
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can increase milk production per cow between 
15-40% (Gonzalez et al 2016). Many Brachiaria cultivars are drought tolerant, bridging the feeding gap during the dry season (June to October). Desmodium is a good 
protein source for cows, aiding in higher milk production and easier digestibility. Farmers can strategize land use intensification by intercropping Desmodium with 
food crops or other forages to boost productivity and profit per acre and per cow. Further investment and action are needed to improve varieties of forage feed to 
make them suitable for local conditions and to ensure that farmers can access and use forages suitable to their local climate and production system.
• Increasing livestock productivity through improved forages contributes to higher incomes, better nutrition, soil benefits, and reduced greenhouse gas 
emissions per unit livestock product, creating a quadruple win. If larger herd populations and improved breeds alone were to deliver achievements in targeted 
national total milk production as envisioned by the Livestock Master Plan, emissions from enteric fermentation and manure management, as well as the amount of 
land and water required to produce feed for the national cattle population, is expected to increase substantially. Improved feed interventions, on the other hand, can 
be considered climate smart because they decrease the environmental impact per unit of milk produced while satisfying the increased demand for animal source 
foods. Forage grasses also provide soil and environmental benefits including stabilizing soil, decreasing erosion, restoring soil health, and sequestering 2 to 3 times 
higher more soil carbon than food crops. 
• Support is needed to establish commercial forage seed production, through partnerships with private sector seed companies and master farmers, so that 
larger quantities of high-quality seed can be made available to farmers. Cross-sector ministries should facilitate inspection units in sync with seed distribution services 
in order to reduce red tape for farmers interested in engaging in seed multiplication.
• Women's access to dairying is not the same as men for a wide variety of reasons; commercialization intensification risks marginalizing women away from profits 
that were otherwise securely theirs. The introduction of improved forage technologies should be packaged with an intervention point enhancing gender awareness 
training that accounts for social dynamics of labor division and profit division.
• Greenhouse gas emissions (CH4 and N2) from manure of cattle fed with forage grasses are lower than the IPCC default values for Africa. 
• Future-proofing the dairy sector can attract more funding.
Local and national government in Tanzania
• Tanzanian improved family dairy cows produce 1.5-2 liters** of milk per day (LMP 2018), well below their potential of 12-15 liters, due to poor quality and 
quantity of feed, together with breed genetics and veterinary care. Most farmers feed their animals wild vegetation or a suite of Napier, Rhodes or Guatemala grasses 
and crop residues (Nyangaga 2019), resulting in 61% of all herds faced a minimal energy feed gap, and 55% a crude protein gap (Paul, 2019). The national feed 
balance (ratio of feed required for an attainable milk production level to actual feed supply at individual herd level) for dairy cows is negative in average good weather 
years: there are 30.5 million cattle that require 58.2 to 80.5 MT dry matter, where only 20.9 to 46.6 MT livestock feed is produced (Waha, 2019). 
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can increase milk production per cow between 
15-40% (Gonzalez et al 2016). Many Brachiaria cultivars are drought tolerant, bridging the feeding gap during the dry season (July to December). Desmodium is a 
good protein source for cows, aiding in higher milk production and easier digestibility. Farmers can strategize land use intensification by intercropping Desmodium 
with food crops or other forages to boost productivity and profit per acre and per cow. Further investment and action are needed to improve varieties of forage feed 
to make them suitable for local conditions and to ensure that farmers can access and use forages suitable to their local climate and production system.
• Increasing livestock productivity through improved forages contributes to higher incomes, better nutrition, soil benefits, and reduced greenhouse gas 
emissions per unit livestock product, creating a quadruple win. If larger herd populations and improved breeds alone were to deliver achievements in targeted 
national total milk production as envisioned by the Livestock Master Plan, emissions from enteric fermentation and manure management, as well as the amount of 
land and water required to produce feed for the national cattle population, is expected to increase substantially. Improved feed interventions, on the other hand, can 
be considered climate smart because they decrease the environmental impact per unit of milk produced while satisfying the increased demand for animal source 
foods. Forage grasses also provide soil and environmental benefits including stabilizing soil, decreasing erosion, restoring soil health, and sequestering 2 to 3 times 
higher more soil carbon than food crops. 
• Support is needed to establish commercial forage seed production, through partnerships with private sector seed companies and master farmers, so that 
larger quantities of high-quality seed can be made available to farmers. Cross-sector ministries should facilitate inspection units in sync with seed distribution services 
in order to reduce red tape for farmers interested in engaging in seed multiplication.
• Women's access to dairying is not the same as men for a wide variety of reasons; commercialization intensification risks marginalizing women away from profits 
that were otherwise securely theirs. The introduction of improved forage technologies should be packaged with an intervention point enhancing gender awareness 
training that accounts for social dynamics of labor division and profit division.
• Greenhouse gas emissions (CH4 and N2) from manure of cattle fed with forage grasses are lower than the IPCC default values for Africa. 
• Cross-sector collaboration between livestock, agriculture and environment ministries is needed to align goals and activities.
• Future-proofing the dairy sector can attract more funding.
**Daily milk production figures in LMP are in the process of being revised; confirm daily production with ILRI before publishing this key message 
Ave. daily milk production per cow (Table 9) baseline year: coastal and lake (1.5 liters), highlands zones (2.0 liters) 
Ave. milk production (Table 6): Improved Family Dairy (6-8 liters), Commercialized (10-12 liters). Unclear if these figures refer to per cow production or per household/system
Funders in Rwanda
• Rwandan dairy cows produce 3-5 liters of milk per day (LMP 2017), well below their potential of 12-15 liters, due to poor quality and quantity of feed, together 
with breed genetics and veterinary care. Most  farmers feed their animals wild vegetation, Napier grass, and crop residues (e.g. sweet potato vines, banana leaves, 
bean and maize stalks) (Nyangaga, 2019), resulting in 61% of all herds faced a minimal energy feed gap, and 55% a crude protein gap (Paul, 2019). The national feed 
balance (ratio of feed required for an attainable milk production level to actual feed supply at individual herd level) for dairy cows is positive in an average year, 
producing 6.4 MT of dry matter where 4.1 MT dry matter are needed (Waha, 2019). 
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can increase milk production per cow between 
15-40% (Gonzalez et al 2016). Many Brachiaria cultivars are drought tolerant, bridging the feeding gap during the dry season (June to October). Desmodium is a good 
protein source for cows, aiding in higher milk production and easier digestibility. Farmers can strategize land use intensification by intercropping Desmodium with 
food crops or other forages to boost productivity and profit per acre and per cow. Further investment is needed to improve varieties of forage feed to make them 
suitable for local conditions, and action to ensure that farmers can access and use forages suitable to their local climate and production system.
• Increasing livestock productivity through improved forages contributes to higher incomes, better nutrition, soil benefits, and reduced greenhouse gas 
emissions per unit livestock product of both milk and meat, creating a quadruple win. If larger herd populations and improved breeds alone were to deliver 
achievements in targeted national total milk production as envisioned by the Livestock Master Plan, emissions from enteric fermentation and manure management, as 
well as the amount of land and water required to produce feed for the national cattle population, is expected to increase substantially. Improved feed interventions, on 
the other hand, can be considered climate smart because they decrease the environmental impact per unit of milk produced while satisfying the increased demand for 
animal source foods. Forage grasses also provide soil and environmental benefits including stabilizing soil, decreasing erosion, restoring soil health, and sequestering 
2 to 3 times higher more soil carbon than food crops. 
• Support is needed to establish commercial forage seed production, through partnerships with private sector seed companies and master farmers, so that 
larger quantities of high-quality seed can be made available to farmers. Cross-sector ministries should facilitate inspection units in sync with seed distribution services 
in order to reduce red tape for farmers interested in engaging in seed multiplication.
• Women's access to dairying is not the same as men for a wide variety of reasons; commercialization intensification risks marginalizing women away from profits 
that were otherwise securely theirs. The introduction of improved forage technologies should be packaged with an intervention point enhancing gender awareness 
training that accounts for social dynamics of labor division and profit division.
• Knowledge gaps surrounding improved forages remain; further research and support is needed to better understand which forages work best in different 
agroecological climates of Tanzania, how to implement socially inclusive rural development surrounding forages, and quantifying how much and where GHG emissions 
(CH4 and N2) can be mitigated in soils, enteric fermentation and manure management through the use of improved forages.
Funders in Tanzania
• Tanzanian improved family dairy cows produce 1.5-2 liters** of milk per day (LMP 2018), well below their potential of 12-15 liters, due to poor quality and 
quantity of feed, together with breed genetics and veterinary care. Most farmers feed their animals wild vegetation or a suite of Napier, Rhodes or Guatemala grasses 
and crop residues (Nyangaga 2019), resulting in 61% of all herds faced a minimal energy feed gap, and 55% a crude protein gap (Paul, 2019). The national feed 
balance (ratio of feed required for an attainable milk production level to actual feed supply at individual herd level) for dairy cows is negative in average good weather 
years: there are 30.5 million cattle that require 58.2 to 80.5 MT dry matter, where only 20.9 to 46.6 MT livestock feed is produced (Waha, 2019). 
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can increase milk production per cow between 
15-40% (Gonzalez et al 2016). Many Brachiaria cultivars are drought tolerant, bridging the feeding gap during the dry season (July to December). Desmodium is a 
good protein source for cows, aiding in higher milk production and easier digestibility. Farmers can strategize land use intensification by intercropping Desmodium 
with food crops or other forages to boost productivity and profit per acre and per cow. Further investment is needed to improve varieties of forage feed to make them 
suitable for local conditions, and action to ensure that farmers can access and use forages suitable to their local climate and production system.
• Increasing livestock productivity through improved forages contributes to higher incomes, better nutrition, soil benefits, and reduced greenhouse gas 
emissions per unit livestock product of both milk and meat, creating a quadruple win. If larger herd populations and improved breeds alone were to deliver 
achievements in targeted national total milk production as envisioned by the Livestock Master Plan, emissions from enteric fermentation and manure management, as 
well as the amount of land and water required to produce feed for the national cattle population, is expected to increase substantially. Improved feed interventions, on 
the other hand, can be considered climate smart because they decrease the environmental impact per unit of milk produced while satisfying the increased demand for 
animal source foods. Forage grasses also provide soil and environmental benefits including stabilizing soil, decreasing erosion, restoring soil health, and sequestering 2 
to 3 times higher more soil carbon than food crops. 
• Support is needed to establish commercial forage seed production, through partnerships with private sector seed companies and master farmers, so that 
larger quantities of high-quality seed can be made available to farmers. Cross-sector ministries should facilitate inspection units in sync with seed distribution services 
in order to reduce red tape for farmers interested in engaging in seed multiplication.
• Women's access to dairying is not the same as men for a wide variety of reasons; commercialization intensification risks marginalizing women away from profits 
that were otherwise securely theirs. The introduction of improved forage technologies should be packaged with an intervention point enhancing gender awareness 
training that accounts for social dynamics of labor division and profit division.
• Knowledge gaps surrounding improved forages remain; further research and support is needed to better understand which forages work best in different 
agroecological climates of Tanzania, how to implement socially inclusive rural development surrounding forages, and quantifying how much and where GHG emissions
(CH4 and N2) can be mitigated in soils, enteric fermentation and manure management through the use of improved forages.
**Daily milk production figures in LMP are in the process of being revised; confirm daily production with ILRI before publishing this key message 
Ave. daily milk production per cow (Table 9) baseline year: coastal and lake (1.5 liters), highlands zones (2.0 liters) 
Ave. milk production (Table 6): Improved Family Dairy (6-8 liters), Commercialized (10-12 liters). Unclear if these figures refer to per cow production or per household/system
Non-governmental organizations in Rwanda and Tanzania
• Increasing livestock productivity through improved forages contributes to higher incomes, better nutrition, land and soil restoration, 
and reduced greenhouse gas emissions per unit of livestock product for both milk and meat.
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can increase milk 
production per cow by 15-40% (Gonzalez et al., 2016). Feed availability and feeding practices are highly seasonal, with shortages in the 
dry season and abundance in the rainy season. Many Brachiaria cultivars are drought tolerant, bridging the feeding gap during the dry 
season (June to October in Rwanda and July to December in Tanzania). Desmodium is a good protein source for cows, aiding in higher 
milk production and easier digestibility. Farmers can strategize land use intensification by intercropping Desmodium with food crops or 
other forages to boost productivity and profit per acre and per cow. 
• There are many options for improved forages, each with their own range of needs for soil quality, management, water, and 
temperature in order to grow well. Forages also differ in product qualities: for example, in dry matter weight and biomass, protein and 
nutritional value, fiber content, which impacts digestibility and emissions; animal uptake; dry season growth; suitability for grazing, silage 
or hay (drying); and regrowth rate. Capacity building can ensure that farmers choose forages that will grow in their climate and soil type, 
and for their preferred feeding strategy to provide enough dry matter and nutrients throughout the year.
• Making hay or silage is an effective way to increase milk production and earned income, especially during the dry season when the 
supply of milk tends to be low and its price, high. With financial and capacity support, dairy cooperatives and milk collection centers can 
be an entry point for shared hay- or silage-making equipment at an economy of scale.
• Business opportunities, including hay and silage making, fresh forage feed, and seed production and sales, exist along the forage value 
chain and should be strengthened. Hay and silage production can comprise a profitable trade crop, especially for women and youths, 
and for groups. It is important to align the forage growth cycle and the nutrient quality of the products in order to market them well. 
• Women's access to dairying is not the same as men’s for many reasons; commercialization and intensification risk marginalizing 
women and diverting profits that were otherwise securely theirs. The introduction of improved forage technologies should be 
packaged with an intervention point enhancing gender awareness training that accounts for social dynamics of labor division and profit 
division.
Researchers in Rwanda and Tanzania
• Little research has been conducted on grasses and legumes native to East Africa. There is a need to better understand how to 
optimize fertilization and management of improved forages under differing local conditions, as well as the impact of differing soil 
types on tropical forage growth.
• The degree to which climate-smart forages can mitigate nitrogen loss depends heavily on seasonal characteristics and is not 
fully understood.
• Researchers can improve and validate modeling approaches that require detailed feed baskets.
• Intercropping forage grasses with food crops may allow farmers to increase their land use efficiency, but the appropriate 
combinations under differing seasonal and agroecological conditions is unknown.
• Few studies exist that measure greenhouse gas emissions in African systems, resulting in underrepresentation internationally. 
• Further research can foster better understanding of the variability of how individual people and differing groups engage with 
dairy production and markets, in order to better design and apply interventions that are socially inclusive.
• Additional improved forage breeds and cultivars that are appropriate to specific contexts could be developed. 
• Further research can enhance understanding of how different forages will be impacted by climate change at both the local and 
national levels. 
Thank you!
Top 10 strongest ranking messages
• Rwandan and Tanzanian dairy cows produce 1.5-5 liters** of milk per day (LMPs), well below their potential of 12-15 liters, due to poor quality and 
quantity of feed, together with breed genetics and veterinary care. 
• Increasing herd populations and improved breeds in order to achieve targeted national total milk production as envisioned by the LMPs will substantially 
increase emissions from enteric fermentation and manure management, as well as the amount of land and water required to produce feed for the national 
cattle population. Improved feed interventions, on the other hand, can be considered climate smart because they decrease the environmental 
impact per unit of milk produced while satisfying the increased demand for milk. 
• Feeding dairy cattle improved forages, such as Brachiaria species combined with a legume such as Desmodium, can boost milk production per cow 
by 15-40%. 
• There are many options of improved forages, each with their own range of needs for soil quality, management, water, and temperature in order to 
grow well. Forages also differ in the qualities they produce: dry matter weight/biomass, protein/ nutritional value, fiber content (impact on digestibility/ GHG 
emissions), animal uptake, dry season growth, suitability for grazing, silage or hay (drying), regrowth rate, etc. 
• Increasing livestock productivity through improved forages contributes to higher incomes, better nutrition, soil benefits, and reduced greenhouse 
gas emissions per unit livestock product, creating a quadruple win. 
• Farmers need to understand and choose forages that will grow in their climate and soil type, and for their preferred feeding strategy to provide 
enough dry matter and nutrients through the dry season.
• Forage grasses provide soil benefits including stabilizing soil, decreasing erosion, restoring soil health, and sequestering 2 to 3 times higher more 
soil carbon than food crops. Farmers can take advantage of these benefits by planting forages on terraces, in contour grass strips. 
• Business opportunities, including hay and silage making, fresh forage feed, and seed production and sales, exist along the forage value chain and 
should be strengthened. 
• Women's access to dairying is not the same as men for a wide variety of reasons; commercialization intensification risks marginalizing women away from 
profits that were otherwise securely theirs. The introduction of improved forage technologies should be packaged with an intervention point 
enhancing gender awareness training that accounts for social dynamics of labor division and profit division.
• Knowledge gaps surrounding improved forages remain; further research and support is needed to better understand which forages work best in 
different agroecological climates, how to implement socially inclusive rural development surrounding forages, and quantifying how much and where GHG 
emissions (CH4 and N2) can be mitigated in soils, enteric fermentation and manure management through the use of improved forages.
**Daily milk production figures in Tanzania LMP are contradictory and may need revision before publishing this key message: 
Ave. daily milk production per cow (Table 9) baseline year: coastal and lake (1.5 liters), highlands zones (2.0 liters) 
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